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1.0INTRODUCTION AND DESCRIPTION OF THE WATERSHED

BraddockDam (also referred to as Braddock Lakkcated southwest of Braddock, ND (Figure
1), is a91.2acre mitipurpose reservoibuilt in 1939 under the Works Project Administration
(WPA) (NDDoH, 1993)

The recreational opportunities @maddockDam includefishing, boating, hiking, and

swimming. Braddockba més r ecr eati onal ar dcarea sutdgoubl i ¢
toilets, boat ramp, and parig (Figure 2) Public use of BraddocRam is asporadic, depending

on water quality and the productivity of the fishelDDoH, 1993)

TheBraddockDamwatershed liegntirely within thelevel IV ecoregion Missouri Coteau
Slopeecoregion42c). The Missouri Coteau Slopecoregiordeclines in elevation from the

(42a) where there is a paucity of streams, the Mis€nteau Slope has a simple drainage

pattern and fewer wetland depressions. Due to the level to gently rolling topography, there is
more cropland than on the Missouri Coteau (42a). Cattle graze on the steeper land that occurs
along drainage@~igure 3) Theyouthful morainal landscape has significant surface irregularity
andahigh concentration of wetlands. The rise in elevation along the eastern boundary defines
the beginning of the Great Plains. Land use is transitional between the intensive drylang farmi
in the Drift Plains eoregion(46i) locatedto the eastand the predominance of cattle ranching

and farming to the westithin the Missouri Coteau ecoregiofi3f) (USGS, 2006) Table 1
summarizes some of the geographical, hydrological, and physer@atéristics oBraddock
Damand its watershed.

Table 1. General Characteristics of BraddockDam and the Braddock Dam Watershed.

Legal Name

Major Drainage Basin
Nearest Municipality

BraddockDam

Missouri RiverBasin

Braddock North Dakota

Assessment Unit ID
County Location
Physiographic Region

ND-10130103003L_00

EmmonsCounty

Missouri Coteau

Watershed Area
Surface Area
Average Depth
Maximum Depth

40,817.68acres

91.2acres

4.9 feet

17.8feet

Volume 430.0acre/feet
Tributaries Unnamed Tributary
Type of Waterbody Reservoir

Dam Type Earthen Dam

Fishery Type

Northern Pikelarge mouth bas®Valleye, Perch, Crappie and Bluegi

r
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Figure 1. General Location of the Braddock Dam Watershed.
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Figure 2. North DakotaGame and Fish Countour Map of Braddock Dam.
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Figure 3. Level IV Ecoregions in theBraddock Dam Watershed.
1.1 Clean Water Act Section 303(d) Listing Information

As part of the 202 Section 303(d) List of Impaired Waters Need Total Maximum Daily
Loads(i.e., 202 TMDL List), the North Dakota Department of Health (NDDoH) has
assessed Braddock Dam as dAfully supporting
and other aquatic biotaodo ((NDDoH,2Q12)dtghowdt i ¢ | i
benoted that this assessment was first done for the 1998 Section 303(d) listing cycle

using the 1992993 LWQA total phosphorus data as the primary trophic status indicator

(Table 2). As described in the ZDIMDL list, the causgof theaquatic life use

impairment veredescribeda s e di me nt atfinount/rsiielntta/teiuotnroo,p hi c ¢
bi ol ogical a@amdifcladwrdiossol ved oxygeno, whil
i mpairment was described as only MNothtrient
Dak ot a&2dMDL 8s0dld not provide information on any potential sources of these
impairments.

This TMDL report addresses both the aquatic life and recreation impairments caused by
Anutrient/ eutr ophi candtheaqudtibfe impaiorgnt caasedby ndi c a
Al ow di ssolved oxygen. o Sedi ment remains
threatening aquatic life use. Once the suspended sediment data that we collected as part

of the watershed assessment project are made avaldbizoH, 2009), these data will

be analyzed and a TMDL will be prepared to address this pollutant.

BraddockDamhas been classified as a Cl8ssarmwater fisheryfiWaters capable of
supportingnatural reproduction and growth of warm wdtehes(e.g., argemouth bass
and bluegill) and associateguatic biota. Some cool water species may algydsenn
(NDDoH, 2011).

1.2Land Use/Land Cover

Land use in the Braddock Dam watershed is primarily agricultural. According to the
2010 National AgricultureStatistical Service (NASS) land survey data, approximately
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75 percent of the land is active cropland, 19 percent pasture/grassland, four (4) percent
developed open space, and two (2) percent in other land uses. The majority of the crops
grown consist o§pring wheat, sunflower, and soybeans, corn, barley and winter wheat
(Figure 4).

Table 2.Braddock Dam Section 303(d) Listing Information (NDDoH, 202).

Assessment Unit ID

ND-10130103003-L_00

Waterbody Name

Braddock Dam

Class

Class3, Warmwater fishery

Impaired Uses

Fish and Other Aquatic Biot&ecreatior(Fully supportingbut
threatened)

Causes Sedimentation, Nutrient/Eutrophication Biological Indicatensg
Low Dissolved Oxygen

Priority High

First Appeared on 303(d) listl 1998

Legend
E Braddock Dam Watershed
Land Use

. - Barley
Bl con
- Developed/Open Space
- Grassland Herbaceous
- Pasture/Hay
- Soybeans
- Spring Wheat
- Sunflower
- Winter Wheat

Figure 4. Braddock Dam Watershed LandUse Map(Based on the 2010 National
Agricultural Statistical Survey).
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1.3Climate and Precipitation

EmmonsCounty has a subhumid climate characterized by warm summers with frequent
hotdaysand occasinal cool days. Winters are very cold influencedlastsof arctic

air surging over the area. Precipitation occurs primarily during the warm period and is
normally heavy in late spring and early summer. Tatarageannual precipitatiofior
EmmonsCourty is aboutl9 inches. Average seaswl snowfall is approximately34

inches. Figure5 shows theaverage monthlprecipitation foEmmonsCountyfrom

1948-2011, as represented by the High Plains Regional Climate Center (HPRCC) weather
station located in Bizelton, ND.

HAZELTOM, MWD (324083)
Period of Record : 8/ 1/1943 to 12/7/7811
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Figure 5. Average Total Monthly Precipitation at Hazelton, North Dakota from
19482011 (Data from the High Plains Regional Climate Center Station located at
Hazelton, ND).

1.4 Available Water Quality Data
1.4.1 19921993Lake Water Quality Assessment Project

Il n t he etinodglya giask BodndePA Clean Lakes Program the NDDoH

conducted dake Water Quality Assessment Project (LWQ@H)111 lakes and

reservoirs in the state. The objective of tNéQA project was to describbe general
physical and chemical conditi o 1993) t he st a

In cooperation with the North Dakota Game and Fish Deparihades and reservoirs
were targeted based on specific criteria. Those criteria consisted ofg@ogra
distribution, local and regional significance, fishing and recreational potantialelative
trophic condition. Lakes received the highest priority if they had insarftitiistorical
monitoring information (NDDH, 1993.

BraddockDam was one ohee reservoirs targeted for the 199293 LWQA. As such,
monitoring consisted ofwto samples codicted in the summer of 19@2Adone during the
winter of 1993. Theamples were collected at one site located in the deepest area of the
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lake The 19921993 LWQA Project characterizé8raddockDam as havingnean
surfaceconcentration of totgghosphorue®f0.28mglL, whi ch exceeded t he
guideline goal fofake maintenance and improvemasit0.02 mg/L Nitrate +nitrite as

N exhibited a volume weighted e concentration of 021 mg/L, which suggests

Braddock Dam was a nitrogen limited waterbody.

While there was no evidence of thermal stratification in Braddock Dam during 1992

1993 (Figure 7), the lake did experience significant dissolved oxygen depietiothe

|l akedbs bottom during summer and throughout
(Figure 8).

1.4.2 20102011 Braddock Dam TMDL Development and Watershed
AssessmenProject

TheEmmonsCounty Soil Conservation District (SCD) conducteBMDL development
and watershed assessmenBodddockDamand its watershed 2010 and 2011
Sampling was conducted at one tributary inlet sig5%39, at the outlet fronBraddock
Dam (38%39), and at one reservoir site located in the deepest area of ¢éneoies
(381365. Monitoring sites are identified in Taleand Figures.

The Emmons County SCD followed the methodology for water quality sampling found in
the Quality Assurance Project Plan (QAPP) for the Long Lake Creek/Braddock Dam
TMDL Development ad Watershed Assessment Project (NDDoH0

Stream Monitoring

Stream sampling was conducted in 2010 and 2011. Sampling frequency for the stream
sampling sites was stratified to coincide with the typical hydrograph for the region. This
sampling desig resulted in more frequent samples collected during spring and early
summer, typically when stream discharge is greatest and less frequent samples collected
during the summer and fall. Sampling was discontinued during the winter during ice
cover. Streansampling was also terminated if the stream stopped flowing. If the stream
began to flow again, water quality sampling was reinitiated.

Lake Monitoring

In order to accurately account for temporal variation in lake water quality, the lake was
sampled twée per month during the open water season and monthly under ice cover
conditions. Lake sampling was conducted only in 2010.

Table 3. General Information for Water Sampling Sites forBraddock Dam.

Dates Sampled
Sample Site Site ID Start ‘ End Latitude Longitude
Stream Sites
Inlet 385538 March 2010 October 2011 46.51624 -100.1427
Outlet 385539 March 2010 October 2011 46.54442 -100.11942
Lake Sites

Deepest 381365 |  April 2010 | September 201 46.54252 | -100.11901
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Figure 6. Streamand Lake SamplingSites forBraddock Dam.
1.4.32010Water Quality Data
Water quality was monitored by tllBnmonsCounty SCD irBraddock DanDam at the

deepest site (3865 betweerApril 2010andSeptembeR010. Table 4shows the
resulting data used talibrate the BAHTUB/CNET modelused in therMDL.

Table 4. 2010 Growing Seasoifotal Phosphorus,Chlorophyll -a and Total Nitrogen
Water Quality Data.

Statistic TPE g/ L) Ch"zgozh}’"ia) TN (mgL)
N 33 10 33
Average 210.4 27.5 1.37
Minimum 46.0 1.5 0.99
Maximum 644.0 106.0 2.04
Median 236.0 17.6 1.36

1.44 2010SecchiDisk Transparency Data

Secchidisk transparencyata were collected during the openeavaieriod by th¢he
EmmonsCounty SCD betweeApril and Septembet010. The average Secchi disk
transparencyor the2010sampling period was 43 metergTable 5.
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Table 5. 2010SecchiDisk Transparency Measurements inBraddock Dam Deepest
Site 381365,
Secchi Disk Secchi Disk
Transparency Transparency
Date (meters) Date (meters)
4/20/2010 1.1 8/31/2010 0.8
7/6/2010 2.0 9/13/2010 0.5
8/9/2010 1.6 9/27/2010 2.1

1.46 2010Temperature/Dissolved Oxygen Profiles

Braddock Dam showed no evidencelwrmal stratification during the April through
September 2010 sampling period (Figure 7). While there were no measurements that
exceeded the 5 mg/L dissolved oxygen standard, there was evidence of significant
oxygen depletion near the lakes bottom armkssaturated oxygen concentrations near
the lakes surface (Figure 8)
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Figure 7. Braddock Dam Temperature Profiles Taken in 1992, 1993 and 2010.
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Figure 8. Braddock Dam Dissolved Oxygen Profiles Taken in 1992, 1993 and 2010.
2.0WATER QUALITY STAN DARDS

The Clean Water Act requires that Total Maximum Daily Loads (TMDLSs) be developed for
waters on a state's Section 303(d) | ist. AT
wasteload allocations for point sources and load allocations for nospoirttes and natural
backgroundd such that the capacity of the wat
exceeded. The purpose of a TMDL is to identify the pollutant load reductions or other actions

that should be taken so that impaired watersheilible to attain water quality standards.

TMDLs are required to be developed with seasonal variations and must include a margin of

safety that addresses the uncertainty in the analysis. Separate TMDLs are required to address

each pollutant or cause imipairment (i.e., nutrientdow DO, sediment).

2.1 Narrative Water Quality Standards

The NDDoHhas set narrative water quality standards, which apply to all surface waters
in the state. The narrative standards pertaining to nutrient impdsraee isted below
(NDDoH, 2011).

1 All waters of the state shall be free from substances attributable to municipal,
industrial, or other discharges or agricultural practices in concentrations or
combinations which are toxic or harmful to humans, animals, plantssident
aquatic biota.

1 No discharge of pollutants, which alone or in combination with other substances
shall:
1) Cause a public health hazard or injury to environmental resources;
2) Impair existing or reasonable beneficial uses of the receiving waters; or
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3) Directly or indirectly cause concentrations of pollutants to exceed applicable
standards of the receiving waters.

In addition to the narrative standards, the NDDoH has set a biological goal for all surface
waters in the st athbeologicdl boaditignobsurface waetsetall t h at
be similar to that of sites or waterbodies determined by the department to be regional
reference sillps, 0 (NDDoH, 20

2.2 Numeric Water Quality Standards

BraddockDam is classified as a Cla8svarmwater fidery. Class fisheries are defined
as wat er hbbteafiswportiigaatypal reproduction and growttvafmwater
fishes (i.elargemouth basandbluegill) and associated aquatic biotdome cool water
species may also be present ( N Q BOAIH All classified lakes in North Dakota are
assigned aquatic life, recreation, irrigation, livestock watering, and wildlife beneficial
uses. The North Dakota State Water Quality Stand&io®oH, 2011) state thddkes
shall use the same numeric criteria é&s€ 1 streams, including the State standard for
dissolved nitrate as,Mf 1.0 mgL, where up to 10 percent of samples may exteed
1.0 mgL, and State guideline nutrient goals for lakes and reser(iGtde6).

Table 6. Numeric Standards Applicablke for North Dakota Lakes and Reservoirs
(NDDoH , 2011).

State Water Quality Standard | Parameter Guidelines | Limit

Numeric Standard for Class | and Nitrates / Maximum

Classified Lakes (dissolved) | +OMIL allowed
Dissolved . -
Oxygen 5 mg/L Daily Minimumnm?

Guidelines for Goals in a Lake NO3 as N 0.25 mg/L Goal

Improvement or Maintenance

Program PO4 as P 0.02 mg/L Goal

1 fiUp to 10% of samples may excéed
2 AUp to 10% of representative sampl es c odluepravideglthatdur i ng
| et hal conditions are avoided. o

3.0 TMDL TARGETS

A TMDL target is the value that is measured to judge the success of the TMDL effort. TMDL
targets should be based on state water quality standards, but can also inckgkcHitevalies
when no numeric criteria are specified in the standBind following sections summarize water
quality targets foBraddockDambased on its beneficial used/hen the specific target is met,
then the reservoir will meet the applicable water qualapaards, including its designated
beneficial uses.

3.1 TSI TargetBased onChlorophyll-a
The statebs narrative water quality standa

life and recreation use assessment for Section 305(b) reporting armh S€&(d) TMDL
l' i sting. I n the case of this TMDL, the st
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the basis for setting the TMDL target. State water quality standards contain narrative

criteria that require | askdstamderse sieavihv @¢ihr |
har mful to humans, animals, plants, or res
amounts to be unsightly or del eterious. o

of pollutantso (e.gnt,s,orogransi ecdiementc)h,mefmwhi c

combination with other substances, shall impair existing or reasonable beneficial uses of
the receiving waters. o

The chlorophyHa trophic status indicator is used by the NDDoH as the primary means to
assess whetherake or reservoir is meeting the narrative standards (NDDoH, 2011).
Trophic status is a measure of the productivity of a lake or reservoir and is directly
related to the level of nutrients (i.e., phosphorus and nitrogen) entering the lake or
reservoir fom its watershed and/or from the internal recycling of nutrients. Highly
productive | akes, termed Ahypereutrophi
characterized by dense growths of weeds,-gheen algal blooms, low transparency, and
low dissolvedoxygen (DO) concentrations. These lakes experience frequent fish kills and
are generally characterized as having excessive rough fish populations (carp, bullhead,
and sucker) and poor sport fisheries (Table 7). Due to the frequent algal blooms and
excessre weed growth, these lakes are also undesirable for recreational uses such as
swimming and boating.

(@]
o

Mesotrophic and eutrophic lakes, on the other hand, generally have lower phosphorus
concentrations, low to moderate levels of algae and aquatic plarthgiogh

transparency, and adequate DO concentrations throughout the year. Mesotrophic lakes
do not experience algal blooms, while eutrophic lakes may occasionally experience algal
blooms of short duration, typically a few days to a week (Table 7).

Therdore, for purposes of this TMDL report, it can be concluded that hypereutrophic
lakes do not fully support a sustainable sport fishery and are limited in recreational uses,
whereas eutrophic and mesotrophic lakes fully support both aquatic life andioecreat

use.

Due to the relationship between trophic status indicators and the aquatic community (as
reflected by the fishery) or between trophic status indicators and the frequency of algal
blooms, trophic status is an effective indicator of aquatic liferaackation use support

in lakes and reservoirs (Table 7).

While thethreetrophic state indicatorghlorophylta, Secchi diskransparencyand total
phosphorususedi n Ca r | sachmdegendénBystimate algal biomassd should
produce the samadex value for a given combination of variable vajugten they do

not While transparency and phosphorus mayaxy with trophic state, many times the
changesim b s er v e d transparencylar® kot daussed by changes in algal biomass,
but may le due to particulate sediment. Total phosphorus may or may not be strongly
related to algal biomass due to light limitation and/or nitrogen and carbon limitation.
Therefore, neither transparency nor phosphorus is an independent estimator of trophic
state Carlson and Simpson, 1996yor these reasons, the NDDoH giyesority to
chlorophylta as the primaryrophic state indicatdsecause this variable is the most
accurate of the three at predicting alg@mass (Carlson, 1980).



Braddock Dam Nutriet TMDL Final: October 2012

Pagel?2 of 26

Table 7. Water Quality and Beneficial Use Changes That Occuas the Amount of Algae
(expressed as Chlorophyia concentration) Changes Along the Trophic State Gradient
(from Carlson and Simpson, 1996).

SecchiDisk Total . :
Szilre Chlo(L%[/)E)y I Transparency | Phosphorus Attributes ';Zréfézisoﬁ
(m) (Mg/L)
Oligotrophy: Clear
water, oxygen Salmonid fisherieg
=0 <0.95 >8 <6 throughOl)J/tgthe year il dominate
the hypolimnion
Hypolimnia of - .
30-40 0.952.6 8-4 6-12 sggllower lakes may Salmonld fisheries
become anoxic in deep lakes only
rl\r/lwezoirotpry: IW?Fer Hypolimnetic
ingreea;negyp?c?t?ai)ility anoxia results n
40-50 2.67.3 4-2 12-24 of hypolimnetic loss of salmonids.
anoxia during Walleye may
summer predominate
Eutrophy: Anoxic Warmwater
hypdimnia, fisheries only.
50-60 7.320 2-1 24-48 macrophyte problemd Bass may
possible dominate.
Nuisance
macrophytes,
Séun?gzsna?é%?e algal scums, and
60-70 20-56 0.51 48-96 scums and low trqnsparency
macrophyte problemg May discourage
swimming and
boating.
Hypereutrophy:
0.25 (light Iimit_ed
70-80 56-155 0 5 96-192 productivity). Dense
' algae and
macrophytes
Algal scums, few Rough fish
>80 >155 <0.25 192-384 ' dominate; summe
macrophytes . . .
fish kills possible

The same conclusion was also readbyd multistate project team consisting of lake

managers and water quality specialists from North Dakota, South Dakota, Montana,
Wyoming and EPA Region 8. This group concluded that for lakes and reservoirs in the
plains region of EPA Region 8, an averggewing season chlorophydl concentration

of 20 pg/L or less should be the basis for nutrient criteria development for lakes and
reservoirs in the plains region (including North Dakota) and that this chloreplatbet

would be protective of allof alk e or reservoirbés beneficial
aquatic life (Houston Engineering, 2011). The report, prepared by Houston Engineering,
also concluded that most lakes and reservoirs in the plains region typically have high total
phosphorus carentrations, but maintain relatively low productivity, and that due to this
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condition, chlorophyHa is a better measure of a lake or reservoirs trophic status than is
total phosphorus (Houston Engineering, 2011).

Water quality data collected in the lake2010 $iowed an averagdlorophylla
concentrationo7.5¢e g/ | , an average tot &104pgh,mes phor us
average Secchi Depth of2Imetersand an average total nitrogen concentration 4f 1.

mg/l. Based on these daBraddockDamis generally assessed as a eutrophic lake

(Table8).
Table8. Car | sonds Tndices toriBraddSck @Ram.e
TSI
Parameter Relationship Units | Value | Trophic Status
Chlorophylta TSI (Chta) = 30.6 + 9.81[In(Ch&)] | ug/L 63.1 | Eutrophic

Total Phosphorus (TP| TSI (TP) = 4.15 + 14.42[(In(TP)] ug/L 81.3 | Hypereutropic

SecchiDepth (SD) TSI (SD) = 60- 14.41[In(SD)] meters| 57.4 | Eutrophic

Total Nitrogen (TN) | TSI (TN) = 54.45 + 14.43[In(TN)] | mg/L | 59.3 | Eutrophic
TSI <30- Oligotrophic (least productive) TSI 30-50 Mesotrophic
TSI 5065 Eutrophic TSI >65 - Hypereutophic (most productive)

Based only on the totphosphoruslata and correspondiig| valueof 81.3 Braddock
Damwould be considered hypereutrophiceservoir(Table8). However Carlson and
Simpson (1996) suggest that if the phosphorus TSI valughghthan the chlorophyd
and Secchdisk transparency Sl value(as is the case with Braddock Dartijen algae
does notdominate light attenuatig@andsomeotherfactor, such as nitrogen limitation,
zooplankton grazing, or toxieeay belimiting algalbiomasdn the lake(Table9).

Table 9. Relationships Between TSI Variables and Gualitions.

Relationship Between TSI
Variables Conditions

TSI(Chl) = TSI(TP) = TSI(SD) | Algae dominate light attenuation; TN/TP ~ 33:1
TSI(Chl) > TSI(SD) Large particulges, such adphanizomenofiakes, dominate

TSI(TP) = TSI(SD) > TSI(CHL) | Nonalgal particulates or color dominate light attenuation

TSI(SD) = TSI(CHL) > TSI(TP) | Phosphorus limits algal biomass (TN/TP >33:1)

Algae dominate lipt attenuation but some factor such as nitrog
TSI(TP) >TSI(CHL) = TSI(SD) | limitation, zooplankton grazing or toxics limit algal biomass.

As stated previously, hNDDoHhas establishean inlake growing season average
chlorophylla concentr at i o mmogylaka &ndesefvoirhutrierst §MDLs, f o r
including this TMDL for Braddoclbam This chlorophylta goal corresponds to a
chlorophylta TSI of 60 which is in the eutrophic range and, as such, will be a trophic
state sufficient to maintain both aquatic life and recreats®s of most lakes and

reservoirs in the state, including Braddock Dam.

Through the use of a calibrate@ter quality modelike CNET (seeSection 5.2)the
averagegrowing season TP load correspondin@mhoaverage growing season
chlorophylla concenttion of20 pg/L can be esmnated For this TMDL, a 40 percent
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reduction in the observed total phosphorus load, or 3,058 kg, is estimated to be needed to
achieve the TMDL goal for Braddock Dam.

3.2Dissolved Oxygen TMDL Target

The North Dakota State Wat&vu al i ty Standard for dissolved
daily minimun® , a n dup tew 10% ofeepresentative samples collected during any

three year period may be less than this value provided that lethal conditions are.avoided

This will be the dissolvedxygenTMDL target for Braddock Dam

4.0 SIGNIFICANT SOURCES

There are no known point gizeslocated with the Braddock Dam watershddhe pollutants of
concern originatérom nonpoint sources.

5.0 TECHNICAL ANALYSIS

Establishing a relationship lvaten inrstream water quality targets and pollutant source loading
is a critical component of TMDL development. ldentifying the caarseeffect relationship
between pollutant loads and the water quality response is necessary to evaluate the loading
capadiy of the receiving waterbgd The loading capacity is the amount of a pollutant that can
be assimilated by the waterbody while still attaining and maintaining water quality standards.
This section discusses the technical analyseito estimate existig loads tdBraddockDam

and the predicted trophic response of the reservoir to reductions in loading capacity.

5.1 Tributary Load Analysis

The NDDoH providedhedaily flow and tributary chemistry data files to use in estimating

total phosphorus loads Braddock Dam over the growing season, defined as the period of

time from April 1 through November 30. FLUX82tp:/mwww.wes.army.mil/el/elmodels/emiinfo.hijml

was used to facilitate thealysis, to reduce the gaged inflow and outflow data, and to

estimate growing season phosphorus loads. FLUX32 is an interactive program used for
analyzing streamflow data and estimating loads (mass transports) of nutrients and other water
guality constituats passing a tributary sampling point over a given period of time

The FLUX32 programwasusedto estimate the annugtowing seasototal phosphorus
(TP) loadfor the gaged areapstream of Braddock Dam and the gaged outflow from the
lake Mean daily fow data were provided by the NDDoH for the years 2010 and 2011,
as well as several flow measurements paired with corresponding TP measurements.
Because the water quality goal for the lake is based upon a growing season mean
chlorophylla concentration,ite data analysis was performed for the months of April
through November. The screen/filter optiorFInlUX32 was used to exclude data outside
the defined growing season for both 2010 and 2011.

The basic approach of FLUX32 is to um®e of severatalcultion techniquet map the
flow/concentration relationship developed from the sample record onto the entire flow
record. FLUX32 has the ability to stratify the data into groups basedstigamflow,
date,and/or seasofor the purpose of reducing the @rin the load estimateTo check

for any relationships or trends in the data that would indicate that stratification of the data
could be used to improve the resuMtarious plots of the sample flows and concentrations
were developed and analyzed
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5.2 BATHTUB /CNET Trophic Response Model

The CNET model waselected t@simulate the eutrophication response witBraddock
Dam CNET is a modified version of the BATHTURater quality modelWalker,

1996 http://wwwalker.net/bathtub/index.hyrBoth BATHTUB andCNET perform
steadystate water and nutrient balance calculations in a spatially segmented hydraulic
network. The model accounts for advective and diffusive transport and nutrient
sedimentation. Hrophication related water quality conditions are predicted using
empirical relationships previously developed and tested for reservoir

CNET is a spreadsheet model <currently avai
W. Walker. The primary benefibf using CNET over BATHTUB is that the user can
modify the CNET modeto implement aMonte Carlo approachTo complete the Monte
Carlo modelingthe CNET model was linked with a program called Crystal Ball. Crystal
Ball is proprietary software developbgt Oracle
(http://www.oracle.com/us/products/applications/crystalball/index)ramd is applicable

to Monte Carlo or stochastic simulation and analysis. Stochastic mgdein approach
where model parameters afmiicing data(e.g.,precipitation) used in the equations to
compute the annual mean concentratiotot#l phosphorusI(P), chorophylta (chl-a),
andSecchi Disk €D) are allowed to vary according to their stéitial distribution and
therefore their probability of occurrence. This allows the effect of parameter uncertainty
and normal variability in thenputs (e.g.amount of surface runoff which varies annually
depending upon the amount of precipitation) tabentified when computing the mean
concentration of TP, ckd, and SD.

The CNET modelwas developed in three phases. The first two phases involve the
analysis and reduction of the tributary andake water quality dataespectively The

third phaseanvolves model calibration. In the data reduction phaseinlake and
tributary monitoring data collected as part of the project were summarized in a format
which can serve as inputs to the model.

As described in Section 5.1, the tributary data vesadyzed and reduced by the FLUX32
program. Output for the FLUX32 program is then used as input to the CNET model.

In addition to the estimated loads from the FL32program, the CNET model requires
information about each components of the water bualggihutrient mass balance in
order to estimate ttake water quality concentrations. The development of the water
budget and nutrient mass balances can be fouAdpendix B.

The reservoir water quality data needed to calibrate the model were reddced a
summarized in Excel using three computational functions. These include: 1) the ability
to display concentrations as a function of depth, location, or date; 2) summary statistics
(mean, median, etc.); and 3) evaluation of the trophic status. Theaieseter quality

data were summarized as the 2010 growing season average.

When the input data from FLUX and Excel programs are entered into the CNET model,
the user has the ability to compare predicted conditions (model output) to actual
measured aawcentrations. The model is considered calibrated when the predicted
concentrations for the trophic response variables are similar to observed concentrations
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based on the monitoring data. CNET then has the ability to predict total phosphorus
concentrationchlorophylta concentration, and Secchi disk deimtised on changes in
total phosphorus loading

The CNET model wasalibratedto estimate the mean growing season (April through
November) concentrations taftal phosphorus, chlorophyl, and Secchi ggh based on
the observedrowing season total phosphorus loa® ®&97kg. Further, it is estimated
that4,953 kg comes from surface water run@83kg from internal loading, and 11 kg
from atmospheric depositiqisee nutrient budget lppendix B). Incremental
reductions in the growing seastmtal phosphorukads were simulated using CNET to
show thetrophiceffect of lowering loads tBraddockDam. A series of model scenarios
were performed, where each scenario reflected an incremental reddct m the
total growing seasototal phosphorukad toBraddockDam. Appendix Cprovides a
more detailed description of the modeling procesduding figures sowing the effects
of reducingApril through NovembeT P loads tdBraddock Dam

The loadng capacityof Braddock Dam was computed using a stochastic approach based
on the hydrology and water quality simulated by the CNET mddhe.loading capacity
(maximumallowable load) for theeservoirwas defined as the growing season TP load
resulting h a seasonal meahlorophylka concentration for the 30percentile non
exceedance value 8D.0¢ g§-. Themean seasonal chlorophylconcentration is shown
by Figure 9 The curve nearest to the vakR@0¢ g /oflchlorophylta for the 50
percentile vlue is used to estimate the loading capacity. The valdé.6t g /ofL
chlorophylta represents the growing season merdarophylla eutrophication goal for
nondegradation and corresponds to a TSI vali® ¢eutrophic). Figure 9shows the
curve with achlorophyllka concentration closest #0.0pg/l for the 50" percentile value

is for a total TP load d3,058during the Aprili November growing season.

5.3 AnnAGNPS Watershed Model

The Annualized Agricultural NonPoint Source Pollution (AnnAGNP 8let was

developed by the USDA Agricultural Research Service and Natural Resource

Conservation Service (NRCS). The AnnAGNPS model consists of a system of computer
models used to predict nonpoint source pollution (NPS) loadings within agricultural
watershds. The continuous simulation surface runoff model contains programs for: 1)

i nput generation and editing; 2) Aannuali z
reformatting and analysis.

The AnnAGNPS model uses batch processing, contsioallation, ad surface runoff
pollutant loading to generate amounts of water, sediment, and nutrients moving from land
areas (cells) and flowing into the watershed stream network at user specified locations
(reaches) on a daily basis. The water, sediment, and chemngeael throughout the

specified watershed outlets. Feedlots, gullies, point sources, and impoundments are
special components that can be included in the cells and reaches. Each component adds
water, sediment, or nutrients to the reaches.
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Figure 9. Braddock DamFrequency Distribution Growing Season(April through
November)Mean Chlorophyll -a Concentrations Resulting from Select Load
Reduction Scenarios

The AnnAGNPS model is able partitionsoluble nutrients between surfaceatirand
infiltration. Sedimenattached nutrients are also calculated in the stream system.
Sediment is divided into five particle size classes (clay, silt, sand, small aggregate, and
large aggregate) and are moved separately through the stream reaches.

ANnAGNPS uses vaous models to develop an annualized load in the watershed. These
models account for surface runoff, soil moisture, erosion, nutrients, and reach

routing. Each model serves a particular purpose and function in simulating the NPS
processes occurring the watershed.

To generate surface runoff and soil moisture, the soil profdezidedinto two layers.

The top layer is used as the tillage layer and has properties that change (bulk density etc.).
While the remaining soil profile makes up second layer with properties that remain

static. A daily soil moisture budget is calculated based on rainfall, irrigation, and snow
melt runoff, evapotranspiration, and percolation. Runoff is calculated usilNRGS

Runoff Curve Number equation. @&$e curve numbers can be modified based on tillage
operations, soil moisture, and crop stage.

Overland sediment erosion was determined using a modified watesshledversion of
Revised Universal Soil Loss Equati(RUSLE). (Geter and Theurer, 1998

A daily mass balance for nitrogen (N), phosphorus (P), and organic carboar@C)
calculated for each cell. Major componeotdN and Pconsideredncludeplant uptake N
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and P, fertilization, residue decomposition, and N and P transport. Solublsemiiment
absorbed N ang arealsocalculated. Nitrogen and phosphoansthen separated into
organic and mineral phases. Plant uptake N and P are modeled through a crop growth
stage index. Roschet. al. 1998)

The reach routing model moves sedimamdnutrients through the watershed. Sediment
routing is calculated based upon transport capacity relationships using the Bagnold
stream poweequation (Bagnold, 1966 Routing of nutrients through the watershed
accomplished by subdividing them irgoluble andsediment attached components and

are based on reach travel time, water temperature, and decay constant. Infiltration is also
used to further reduce soluble nutrients. Both the upstream and downstream points of the
reacharecalculated for egjlibrium concentrations by using a first order equilibrium

model.

AnNnAGNPS uses 34 different categories of input data and over 400 separate input
parameters to execute the model. The input data categories can be split into five major
classifications:climatic data, land characterization, field operations, chemical
characteristics, and feedlot operations. Climatic data includes precipitation, maximum
and minimum air temperature, relative humidity, sky cover, and wind speed. Land
characterizatiomonsists of soil characterization, curve number, RUSLE parameters, and
watershed drainage characterization. Field operations contain tillage, planting, harvest,
rotation, chemical operations, and irrigation schedules. Fjriaéylot operations

requre daily manure rateimes of manure removal, and residue amount from previous
operations.

Input parameterareused to verify the model. Some input parameters may be repeated
for each cell, soil type, landuse, feedlot, and channel reach. Dedtudt\are available

for some input parametersthers can be simplified because of duplication. Daily

climatic input data can be obtained through weather generators, local data, and/or both.
Geographical input data including cell boundaries, landeslsippe direction, and

landuse can be generated by GIS &MD(Digital Elevation Mbdels).

Output data is expressed through an event based report for stream reaches and a source
accounting report for land or reach components. Output parameterseatedély the

user for the desired watershed source locations (specific cells, reaches, feedlots, point
sources, or gullies) for any simulation period. Source accounting for land or reach
components are calculated as a fraction of a pollutant loachgaksbugh any reach in

the stream network that came from the user identified watershed source locations. Event
based output data is defined as event quantities for user selected parameters at desired
stream reach locations.

AnNnAGNPS was utilized fothe BraddockDam TMDL Developmeniand Watershed
Assessmenproject. The BraddockDamwatershed delineiain began with downloading

a 30meter digital elevation model (DEMf EmmonsCounty Delineation is defined as
drawing a boundary and dividing the ¢hwithin the boundary into subwatersheds in

such a matter that each subwatershed has uniformed hydrological parameters (land slope,
elevation, etc.).

Landuse and soil digital imagegere therused to extract the dominate identification of
landuse ad soil for each subwatershed. This process is achieved by ovellayidgat
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and soil images over the subwatershed file. Each dominate soil is then further identified
by its physical and chemical soil properties found in a database called Natideal Soi
Information System (NASIS) developed by the NRCS. Dominate landuse identification
input parameters were obtained using Revised Universal Soil Loss Equation (RUSLE).

A five year simulation period was run tme BraddockDamwatershed at itpresent
condition to provide dest estimation of the current land use ficas applied to the soils
andslopes of the watershed to obtain nutrient $ofxdm the individual cells asell as

the watershed as a whol®lajor land use in thBraddockDam watershewvas identified
as wheatwinter wheat, barleygorn, soybeans, dry beans, sunflowpesture, rangeland,
andresidential/urban Air seedersnd conventional tillageere used in the cropland
field operationsCrop rotations were determined frahree yees of land survey data
from the National Agricultural Statistical Service (NASEypical danting of the field
was done idate April early Maywith fertilizer being applied at planting in specific
amounts determined by crop type, harvest occurréarseptember to mid Octoher
springtillage was done irarly Maywith achisel Fertilizer applicatiorratesof
metaphosphate, 1&-0 (moncammonium phosphategnd multiple forms of anhydrous
ammonia (i.e. 8@1-0, 8026-0, etc.)were determined by theroprotationand entered
into the model

The compiled data was used to aslxaesim t he w
the watershed for potential best management practice (BMP) implemeil(Eagore 10.

Critical cells were determined b cells in the watershguiovidinganestimatecannual
phosphoruyield of 0.0591bs/acréyearor greater

5.4Dissolved Oxygen

Based largely on dissolved oxygen data collected in-1993,BraddockDamwas
originally listed as fully supportingut threatened fofifish andotheraquatic biota use
because dissolved oxygen levels were observed below the North Dakota water quality
standard of 5.0 mg/as a daily minimunand wheraip to 10% of representative samples
collected during any three year pefimay be less than this value provided that lethal
conditions are avoided. FBraddockDam, low dissolved oxygen levels appear to be
related to excessivagal and weed growth due moitrient loadings.

The cycling of nutrients in aquatic ecosystemaiigely determined by oxidatien

reduction (redox) potential and the distribution of dissolved oxygen and oxygen
demanding particles (Dodds, 2002). Dissolved oxygen gas has a strong affinity for
electrons, and thus influences biogeochemical cycling anoidhegical availability of
nutrients to primary producers such as algae. High levels of nutrients can lead to
eutrophication, which is defined as the undesirable growth of algae and other aquatic
plants. In turn, eutrophication can lead to increased dicdaboxygen demand and

oxygen depletion due to the respiration of microbes that decompose the dead algae and
other organic material.

The CNETmodel indicatd that excessive nutrient loadingascurring and is primarily

responsible for the low dissolveaygen levels ilBraddockDam. Wetzel (1983)

summari zed, AThe | oading of organic matter
productive eutrophic lakes increases the consumption of dissolved oxygen. As a result,
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the oxygen content of the hypolimnion is redd progressively during the period of
summer stratification. o

Carpenter et al. (1998), has shown that nonpoint sources of phosphorous has lead to

eutrophic conditions for many lake/reservoirs across the U.S. One consequence of
eutrophication is oxygeneghletions caused by decomposition of algae and aquatic plants.

They also document that a reduction in nutrients will eventually lead to the reversal of
eutrophication and attainment of designated beneficial uses. However, the rates of
recovery are varidbe among | akes/ reservoirs. Thi s s
viewpoint that decreased nutrient loads at the watershed level will result in improved

oxygen levels, the concern is that this process takes a significant amount of1ifne (5

years).

In Lake Erie, heavy loadings of phosphorous have impacted the lake severely.

Moni toring and research from the 19600s ha
levels were responsible for large fish kills and large mats of decaying algae. Binational
programgo reduce nutrients into the lake have resulted in a downward trend of the
oxygen depletion rate since monitoring beg
depletion has lagged behind that of phosphorous reduction, but this was expected (See:
http://www.epa.gov/glnpo/lakeerie/dostory.hjml

Nurnberg (1996) developed a model that quantified duration (days) and extent of lake
oxygen depletionThe CNET model indicate that excessive nutrient loads

responsible for the low dissolved oxygen depletion, referred to as an anoxic factor (AF).
This model showed that AF is positively correlated with average annual total
phosphorou¢TP) concentrations. The AF may also be used to quantify response to
watershed restoration measures which makes it very useful for TMDL development.
Nurnberg (1996), developed several regression models that show nutrients control all
trophic state indicators related to oxygen and phytoplankton in lakes/reservoirs. These
models were developed from water quality characteristics using a suite ofkiotth
American lakes. The morphometric parameters such as surface are@l(Racres;
0.37km?), mean depth (z 4.9feet; 1.49meters) were calculated, and the ratio of mean
depth to the surface area is (Z/A= 2.44) for BraddockDam. This shows that these
parameters are within the range of lakes used by Nirnberg. Based on this information,
t he N¢grnber go soxyempelationshigHoldsriruetfar NoemDiakaikds

and reservoirs. Prescribed BMPs will reduce external loading of nutrients to the
reservoir, which will reduce algae bloomsd organic enrichmerdnd therefore increase
dissolvedoxygenconcentrations to acceptalidwels over time.

6.0 MARGIN OF SAFETY AND SEASONALITY
6.1 Margin of Safety

Section 303(d) of the Ctlieams Wadeui rAe tt faatd i
be established at levels necessary to attain and maintain the applicable narrative and
numerical water quality standards lwgeasonal variations and a margin of safety that

takes into account any lack of knowledge concerning the relationship between effluent

' imitations and water quality. o The mar gi
into conservative assumptions dde develop the TMDL (implicit) or added as a
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separate component of the TMDL (explicit). For the purpos#sshutrient TMDL, a
MOS of 10 percentf the loading capacity will be used as an explicit MOS.

Assuming theexisting annual phosphorus loadBaddockDam from tributarysources
and internatyclingis 5,097kg/seasorand the TMDLchlorophyltagoal istheannual
average growing seasooncentration of 2Qug/L, then this would result in a TMDL
target totaphosphorus loading capacity ®D58kg of total phosphorus peeason
Based on a 1percentexplicit margin of safety, the MOS for tlBraddockDam TMDL
would be306 kg of phosphorus peeason

Monitoring and adaptive management during the implementation phase, along with
postimplementabn monitoring related to the effectiveness of iDL controls, will
be used to ensure the attainment of the targets.

6.2 Seasonality

Section 303(d)(1)(C) of the Clean Water
TMDL be established with seasowalriations. The BraddockDam TMDL addresses
seasonality because tG&ET and AnnAGNPSnodek incorporateseasonal differezes

in their prediction of total phosphorus and nitrogen loadings.

7.0 TMDL

Table D summarizes the nutrient TMDL fdBraddockDam in terms of loading capacity,
wasteload allocations, load allocations, and a margin of safety. The TMDL can be generically
described by the following equation.

TMDL = LC = WLA + LA + MOS
where

LC loading capacity, or the greatest loading amvatey can receive without
violating water quality standards;

WLA wasteload allocation, or the portion of the TMDL allocated to existing or future
point sources;

LA load allocation, or the portion of the TMDL allocated to existing or future non
point sources;

MOS margin of safety, or an accounting of the uncertainty about the relationship
between pollutant loads and receiving water quality. The margin of safety can be
provided implicitly through analytical assumptions or explicitly by nasg a portion of
the loading capacity.
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7.1 Nutrient TMDL

Table 10. Summary of the Ph@phorus TMDL for Braddock Dam.

Total
Phosphorus
Category (kglyr) Explanation
Existing Load 5097 From observed data
Total TP load from Mate Carlo
modeling corresponding &n
annual average growing season
chlorophylla concentrationf 20.0
Loading Capacity 3058 pg/L
Wasteload Allocation 0 No point sources
Entire loading capacity minus MO
Load Allocation 2,752 is allocated to no#point sources
10% d the loading capacity (kg/yr
is reserved as an explicitargin of
MOS 306 safety

Based on data collected inE@xhru 2QL1, the existing annual total phosphorus load to
BraddockDam is estimated &t,097kg. Assuminga 40 % reduction in theurrent

loading wil result in BraddockDam attaining and maintaining aannualaverage

growing seasoiMDL targetmean chlorophyth concentration a20.0ug/L, the
phosphoru§MDL or Loading Capacity i8,058kg perseasonAssuming 10 percent of
the loading capacityB06 kg/yearis explicitly assigned to the MOS and there are no point
sources in the watershed all of the remaining loading capa@g2kg/yearis assigned

to the load allocation.

I n November 2006 EPA issued a memomandum 0
Light of the Decision by the U.S. Court of Appeals for the D.C. Circuit in Friends of the
Earth, Inc. v. EPA et. al., No. @815 (April 25, 2006) and Implications for NPDES
Permits, 0 which recommends that all TMDL s
wasteload allocations include a daily time increment in conjunction with other

appropriate temporal expressions that may be necessary to implement the relevant water
guality standard. Whe the North Dakota Departmerttidealthbelieves that the

appropria¢ temporal expression for phosphorus loading to lakes and reservoirs is as an
annual load, the phosphorus TMDL has also been expressed as a daily loatkr to

express this phosphorus TMDL as a daily load the annual loadagitaof3,058

kg/seasormwas divided by 365 days. Based on this analysis, the phosphorus TMDL,
expressed a@n average daily load, 837 kg/day with thdoad allocation equal t6.54

kg/day and the MOS equal @84 kg/day.

7.2 Dissolved Oxygen TMDL

As a result of the diredbfluence of eutrophication on increased biological oxygen
demand and microbial respiration, it is anticipated that meetinghtbeophylta

concentration target for Braddock Dam will address the dissolved oxygen impairment. A
reduction inchlorophylla concentration due to the resulting lower algal biomass levels in
the water column, woulceduce the biological oxygen demand exertethiey

decomposition of these primary producef$ie reduction in biological oxygen demand

is therefore assumed to resuliattainment of the dissolved oxygen standard.
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8.0 ALLOCATION

A 40 percentotal phosphorukad reduction target was established for the eBtiaeldockDam
watershed. This reduction was set based o€MET model, which predicted that under similar
hydraulic conditions, an exteahtotal phosphorukad reduction ofi0 percent wouldower the
average growing seasohlerophylla concentratiorirom 27.5ug/L (equivalent to an average
growing season TSI @3.1) to 20.0ug/L (equivalent to an averageogving season total
phosphorus TSI of 60.0)

Using theAnnAGNPS model, it was determinddat cells with a phosphorygeld of 0.059

Ibs/acrelyr or greater gsiority aressin the watershe(Figure 10. Thesepriority areas account

for approximately8,618acresor 21 percendf the watershednd are agriculturbl basedThese
cellsarethecritical cellswhich should bexaminedy animplementation projedb determine

the necessity and typeBasedobnthAMRGNPS madelifoe 1 mpl em
BMPG6s are i mpl ement,ets estnmted thabespbospharus bad evauld bea r e a s
reducedby 50 perent therebymeeting the TMDL goal.

The TMDL in this reportis a plan to improve water quality by implementing BMPs through a
volunteer, ncentivebased approach. This TMDL plan is put forth as a recommendation to what
needs to be accomplished BraddockDamand its watershed to meet and protect its beneficial
uses. Water quality monitoring should continue to assess the effects of reaatiorenmade in
this TMDL. Monitoring may indicate that loading capacity recommendations be adjusted.

9.0 PUBLIC PARTICIPATION

To satisfy the public participation requirements of this TMDL, a letter was sent to the following
participating agencies notifyg them that the draft report was available for review and public
comment. Those included in the mailwwgreas follows:

Emmons County Water Resource Board,

Emmons County Soil Conservation District

North Dakota Game and Fish Department;

Natural Resourc€onservation Service (State Office); and
U.S. Environmental Protection Agency, Region VIII.

= =4 =4 -8 -9

In addition to notifying specific agenciesoktthr af t TMDL r e ptherTMBLsvasav ai | a

posted on the North Dakota Department of Health, DivisioWater Quality web site at

http://www.ndhealth.gov/ WQ/SW/Z2_TMDL/TMDLs_Under_PublicComment/B_Under_Public
Comment.htm A 30 day public notice soligitg comment and participatiomasalsopublished

in theEmmons County Record



http://www.ndhealth.gov/WQ/SW/Z2_TMDL/TMDLs_Under_PublicComment/B_Under_Public_Comment.htm
http://www.ndhealth.gov/WQ/SW/Z2_TMDL/TMDLs_Under_PublicComment/B_Under_Public_Comment.htm
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Phosphorus (Ib/aclyr)
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I 0.05901 - 0.13800

Figure 10. AnnAGNPS Model Identification of Critical Areas for BMP Implementation.
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100 MONITORING

To insure that the BMPs implemented as a part of any watersherhties plan will reduce
phosphorus levels, water quality monitoring will be conducted in accordance with an approved
Quality Assurance Project Plan (QAPP).

Specifically, monitoring will be conducted for all variables that are currently causing
impairments to the beneficial uses of thatebody. Once a watershed restoration plan (e.g. 319
PIP) is implemented, monitoring will be conducted in the lake/reservoir beginning two years
after implementation and extending fiyears after the implementation pgof is complete.

11.0TMDL IMPLEMENTATION STRATEGY

Implementation of TMDLSs is dependent upon the availability of Section 319 NPS funds or other
watershed restoration programs (e.g. USDA EQIP), as well as securing a local project sponsor
and the requirechatching funds. Provided these three requirements are in place, a project
implementation plan (PIP) is developed in accordance with the TMDL and submitted to the
North DakotaNonpoint Source Pollution Task Force and US EPA for approval. The
implementatiorof the best management practices contained in themIPiS voluntary.

Therefore, success of any TMDL implementation project is ultimately dependent on the ability
of the local project sponsor to find cooperating producers.

Monitoring is an important aneequired component of any PIP. As a part of the PIP, data are
collected to monitor and track the effects of BMP implementation as well as to judge overall
project success. Quality Assurance Project Plans (QAPPS) detail the strategy of how, when and
wheremonitoring will be conducted to gather the data needed to document the TMDL
implementation goal(s). As data are gathered and analyzed, watershed restoration tasks are
adapted to place BMPs where they will have the greatest benefit to water quality.
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Appendix A
Flux Analysis for Braddock Dam



Estimate of Total Phosphorus Load in Gaged Inflow and Outflow

The NDDoHprovidedHEI with daily flow andtributarychemistry data fileso use in
estimating total phosphorus loads to Braddock Dam over the growing season, defined as the
period of time from April 1 through November 3BLUX32" was used to facilitate the analysis,
to reduce the gaged inflow andttbow data, and to estimate growing season phosphorus loads.
FLUX32 isaninteractive programsed for analyzing streamflow data and estimating loads
(mass transports) of nutrients and other water quality constituents passing a tributary sampling

point ower a given period of time

The FLUX32 programwasusedto estimate the annugtowing seasototal phosphorus
(TP) loadfor the gaged araagpstream of Braddock Dam and the gaged outflow from the lake
Mean daily flow data were provided by the NDDoH foe tyears 2010 and 2011, as well as
several flow measurements paired with corresponding TP measureiBeontsise the water
quality goal for the lake is based upon a growing season mean chloramyitentration, the
data analysis was performed for thentis of April through November. The screen/filter option
in FLUX32 was used to exclude data outside the defined growing season for both 2010 and
2011.

The basic approach of FLUX32 is to um®e of severatalculation techniquet® map the

flow/concentration relationship developed from the sample record onto the entire flow record.
FLUX32 has the ability to stratify the data into groups based speanflow, date,and/or

seasorfor the purpose of reducing the error in the load estim@techeck for any relationships

or trends in the data that would indicate that stratification of the data could be used to improve
the resultsyarious plots of the sample flows and concentratimeiedeveloped and analyzed

(see below for the stratification methods employed to estimate the growing seasan Toeds)
following sections describe individual data analyses for the gaged inflow to and gaged outflow

from Braddock Dam.

Gaged Inflowto Braddbck Dam

Thedaily streanflow and chemistry data filggrovided by the NDDoH representing the
gaged inflow to Braddock Dam from the West Branch of Long Lake Ceeekised of two full
years of mean daily flow measurements, along W@fP measuremengsired with

corresponding mean flow daily valueBigure 1 shows the 58.3 square mdaged area and the

! http://www.wes.army.mil/el/elmodels/emiinfo.html


mk:@MSITStore:C:/FLUX/Flux32help.chm::/html/hs1520.htm

5.4 ungaged aredraining toBraddock Dam Figure 2 is a histogram comparing the frequency
distributions between the mean daily flows and the samfded fwhich shows the extent to

which the flow range was sampled is reasonable.



Figure 1. Gaged and Ungaged Areas Draining to Braddock Dam.
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Figure 2: Distribution of Sample and Mean Daily Streamflows at the
West Branch of Long Lake Creek duringthe Growing Seasons of 2010 and 2011

Distribution of Sample and Daily Flows at Braddock Dam Inlet
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Plots of therelationship betweesamplel streanflows andTP concentrations indicate no
statisticalrelationship betweeflow andconcentration. There appears to be a seasonal pattern
with regard to TP concentration the 2011 data, but not in the 2010 data. FLUX32 calculations
for various stratification schemes showed no apparent benefit to stratifying th€hdatfore,

the growing season TIBads werestimatedoadsusingno stratificatiormethod

FLUX32 includessix calculation techniques fonap the streanflow/concentration
relationship developed from the sample record onto the ett@anflow record toestimate the
mass discharge and associated error statishiethod 2, which bases the loading estinuate
the flonrweighted average concentration times the mean flow over the averaging period, resulted
in the | owest coefficient of wvariation (0.14)
estimate. The resulting total TP load estimated ferctmbined April through November, 2010
and 2011 growing seasons at the gaged inlet to Braddock Dam is 9,069 kg, with an average
estimated April through November growing season TP load of 4,535 kg estimatedverage

growing season TP yield is 0.27 puls/acre.

GagedOutflow from Braddock Dam




The mean daily outflow data from Braddock Dam, as well as the paired sample and
streanflow data over the years 2010 and 2@ta&vided by the NDDoH, weneead into the
FLUX32 Program The data@nsised of two fullyears of mean daily streamflow measurements
leaving Braddock Dam antb paired streamflow flovand TP measurementBigure 3is a
histogram comparing the frequency distributions between the mean daily flows and the sampled
flows, which shows the exterd tvhich the flow range was sampled is reasonable.

Figure 3: Distribution of Sample and Mean Daily Streamflows at the Outlet to
Braddock Dam during the Growing Seasons of 2010 and 2011

Plots of the sampbistreanfilows andTP concentrations indicatino statistical
relationship letween concentration and flowHowever, theréid appear to be a significant
seasonal trend in both 2010 and 2011. Stratification based upon season is often useful in
situations with highly regulated flows, such as a reserwdftaw station. The selected
stratification regime is presentedTiable 1

Table 1: Stratification Applied to FLUX 32 Load Calculations for Braddock Dam Outlet

Stratum Lower Limit Upper Limit
Season 1 04/01 06/20
Season 2 06/21 10/04
Season 3 10/06 11/30




